Background: Obstructive sleep apnoea (OSA) and polycystic ovary syndrome (PCOS) are associated with significant comorbidities and commonly coexist. The primary aim of this study was to examine the relationship between OSA and quality of life (QoL) in women with PCOS. Methods: We conducted an observational cross-sectional study. PCOS was diagnosed according to the Rotterdam criteria. Women with increased risk of OSA, based on the Berlin questionnaire or the Epworth Sleepiness Scale (ESS), had home-based polysomnography performed (ALICE PDx). Participants were divided into two groups: (a) PCOS only: women with normal ESS and low-risk Berlin questionnaire (no sleep studies performed), or women with normal sleep studies [oxygen desaturation index (ODI) < 5 events/hour]; and (b) PCOS+OSA: women with PCOS and OSA ODI ⩾ 5. QoL was assessed using the World Health Organization QoL questionnaire (WHOQOL-BREF) and the PCOS health-related quality of life questionnaire (PCOSQ). Results: A total of 39 women were included; age (mean ± SD) was 32.2 ± 8.9 years, weight 92.5 ± 23.7 kg and body mass index (BMI) 34.1 ± 7.9 kg/m 2 ; 38.5% (n = 15) had OSA. Compared with women with PCOS only, women with PCOS+OSA had higher BMI, HbA1c, C-reactive protein and low-density lipoprotein. ODI was independently associated with impaired QoL. Excessive daytime sleepiness (EDS) was independently associated with anxiety, depression and impaired QoL. Conclusions: OSA is highly prevalent and is associated with impaired QoL and worse metabolic profile in women with PCOS. Interventional studies are needed to examine the impact of OSA in women with PCOS. ClinicalTrials.gov Identifier: NCT03065322
Introduction
Polycystic ovary syndrome (PCOS) and obstructive sleep apnoea (OSA) are associated with obesity and commonly coexist. 1, 2 The underlying mechanisms that link PCOS and OSA include insulin resistance, hormonal disturbances, oxidative stress and sympathetic overactivity. 1 A recent systematic review and meta-analysis showed that around a third of women with PCOS may suffer from OSA, 3 while population-based cohort studies suggest higher incidence of OSA in women with PCOS compared with controls. 4, 5 A better understanding of the relationship between PCOS and OSA is important, as OSA may contribute to The relationship between obstructive sleep apnoea and quality of life in women with polycystic ovary syndrome: a crosssectional study the clinical phenotype of PCOS, which can be at least partly corrected by continuous positive airway pressure (CPAP) treatment. 1, 6 Excessive daytime sleepiness (EDS) is often seen in patients with OSA and is attributed to factors including intermittent night-time hypoxaemia, sleep fragmentation and changes in sleep architecture and quality. 7 However, many patients with OSA do not have EDS, and EDS is also commonly seen in the general population. 8 EDS has been independently associated with obesity, insulin resistance and components of the metabolic syndrome, 9 and has been linked to multiple comorbidities including cognitive impairment, mood disorders and road traffic accidents. 10 A small number of studies have suggested an increase of EDS in women with PCOS. However, it is not clear if the reported association between PCOS and EDS is independent of OSA and obesity, or what impact EDS has in women with PCOS. Similarly, the effects of OSA on important clinical outcomes in women with PCOS including QoL, risk of type 2 diabetes (T2DM) or cardiovascular disease (CVD) remain unknown. 6 In this study, we hypothesized that women with PCOS and OSA have a more severe phenotype of PCOS and lower QoL compared with women with PCOS without OSA. Our primary aim was to examine the relationship between OSA and QoL in women with PCOS. Secondary outcomes included examining the associations of OSA with depression, anxiety and metabolic phenotype in women with PCOS, as well as the relationship between EDS, PCOS phenotype and QoL. This study was designed as preliminary exploratory proof of concept trial in order to inform the design of larger multicentre trial.
Methods

Study design
Observational cross-sectional study.
Study participants
PCOS was diagnosed according to the Rotterdam criteria. 11 Study participants were recruited consecutively from the PCOS, Weight Management and Reproductive Endocrinology clinics at the University Hospital Coventry, Coventry, United Kingdom. Participants were recruited regardless of symptoms suggestive of OSA. Invitation letters and study patient information sheets were also sent to patients who attended the PCOS clinic in the 12 months preceding the start of the study. In addition, a poster inviting women with a history of PCOS to take part in the study was displayed at different sites at University Hospital Coventry and an e-poster was displayed on the hospital intranet. Women who responded to the study advert and did not have a previously confirmed diagnosis of PCOS were booked into the PCOS clinic and only recruited to the study if the PCOS diagnosis was confirmed. Study exclusion criteria included women who were pregnant or breastfeeding; using CPAP for OSA treatment (as this may mask the effects of OSA on QoL); less than 18 years of age; unable to give consent or unable to adequately understand or speak English. The study was approved by the Cambridge South Research Ethics Committee (Reference: 16/ EE/0469). All participants signed a written consent form before taking part in any study related activities.
Participants attended the study visit between 8 and 9 am after an overnight fast (⩾10 h). The study visit was performed at the follicular phase of the cycle in women with regular periods. Women with history of oligomenorrhoea were seen regardless of their stage of the cycle.
OSA assessment
Study participants were screened for OSA using the Berlin questionnaire 12 and Epworth Sleepiness Scale (ESS). 13 If both were normal (i.e. low-risk OSA on Berlin and ESS < 11) then no further testing for OSA was performed. If the Berlin questionnaire showed high risk of OSA or the ESS was ⩾11, then home-based sleep studies were arranged using a portable multichannel cardiorespiratory device (Alice PDx, Philips Respironics, USA) unless the participant already had a sleep study performed as part of routine care in the preceding year.
The scoring of the sleep studies was performed by a respiratory physician (A.A.) and a sleep technician (M.T.), and both assessors were blinded to participants' data. Any disagreements between the two examiners were resolved by consensus. Sleep studies with <4 h of adequate recordings were repeated and excluded if the quality remained poor. OSA was defined as an oxygen journals.sagepub.com/home/tae 3 desaturation index (ODI) ⩾ 5 events/hour. 14 The sleep studies were scored in accordance with the American Academy of Sleep Medicine guidelines 2017. 15 The hypopnea definition used in this study was a peak signal drop by ⩾30% for ⩾10 s when a ⩾3% desaturation was present.
Based on these assessments, the study population was divided into two groups. The PCOS only group, included women with ODI < 5 or women who had low risk of OSA using the Berlin questionnaire and ESS < 11. The PCOS+OSA group included women with ODI ⩾ 5 events/hour. 
Hirsutism
Hirsutism was assessed using the modified Ferriman-Gallwey score. 17 A total score of 8 or more on the modified Ferriman-Gallwey scoring system is considered suggestive of hirsutism.
Quality of life
QoL was assessed using the PCOS health-related quality of life questionnaire (PCOSQ) and the World Health Organization QoL questionnaire (WHOQOL-BREF).
The PCOSQ 18 is a validated method of assessing QoL in women with PCOS. The PCOSQ includes 26 items (questions) covering 5 domains that were found to be of most importance to women with PCOS: emotions (8 items), body hair (5 items), weight problems (5 items), menstrual problems (4 items) and infertility (4 items). Each item is scored on a scale of 1-7, in which a score of 7 denotes no problems or difficulties and a score of 1 indicates maximum impairment. Each domain score is calculated by dividing the total score of all items within a domain by the number of items in that domain.
The WHOQOL-BREF 19 is a validated generic measure of QoL. It includes 26 questions to assess four major domains (subscales): physical, psychological, social and environment. Scores are given out of 100, with higher scores indicating better QoL. WHOQOL-BREF provides a very good holistic assessment of QoL in the general population and its validation study included a group of women with PCOS, and a group of people with sleep disorders. 19 Depression and anxiety Depression and anxiety were assessed using the Hospital Anxiety and Depression Scale (HADS). 20 It consists of 14 items (questions), seven reflecting anxiety and seven reflecting depression. Each question answered will give the patient a fourpoint (0-3) response category with the possible total scores ranging from 0 to 21 for anxiety and 0 to 21 for depression. A score of 0-7 in each subscale is regarded as normal, while a score of 11 or higher indicates the probable presence of a mood disorder.
Metabolic syndrome
The metabolic syndrome was assessed using the International Diabetes Federation criteria, 21 based on the presence of waist circumference >80 cm plus two of the following four factors: (i) triglycerides ⩾1.7 mmol/l or lipid lowering treatment; (ii) high-density lipoprotein (HDL) < 1.29 mmol/l or lipid lowering treatment; (iii) systolic blood pressure ⩾130 mmHg or diastolic blood pressure ⩾85 mmHg or on treatment for hypertension; (iv) fasting plasma glucose ⩾5.6 mmol/l or T2DM history.
Sample size calculation
QoL between the two groups was compared based on the PCOSQ and the WHOQOL-BREF questionnaires. The validation study for the WHOQOL-BREF 19 included a group of people with sleep disorders and a group of healthy controls. The mean difference between the two groups on the physical health component of the WHOQOL-BREF in this study was 17.8, and the pooled standard deviation (SD) was 18.2 (standardized difference of 0.98). Based on this study a total sample size of 38 participants would give us 80% power and 5% significance (two-tailed), to detect a large effect size (standardized difference of 0.98) on one item of the WHOQOL-BREF (physical health) between cases (PCOS+OSA) and controls (PCOS only). We used an allocation ratio for cases/controls of 0.67, 40% of participants in the PCOS+OSA group and 60% in the PCOS only group, based on previously published data. 1 Sample size was calculated using GPower 3.1. This study was designed as preliminary exploratory proof of concept trial in order to inform the design of larger multicentre trial.
Statistical analysis
Data were checked for normality using the Shapiro-Wilk test. 22 Depending on data distribution, data were summarized using either the mean ± SD, median (interquartile range, IQR), or frequencies. Continuous variables were compared between the study groups using the independent t test or the Mann-Whitney U test, depending on data distribution. Categorical variables were compared using the chi-square test or Fisher's exact test as appropriate. To adjust for baseline differences when comparing continuous variables, analysis of covariance was used. If the data were not normally distributed, data were log transformed.
Multiple linear regression was used to assess the associations between ODI and EDS, and QoL and psychological measurements. In the regression models, the dependent variables were the component of the PCOSQ, WHOQOL-BREF and HADS questionnaires. The independent variables were age, BMI, ODI and ESS. Log transformation was used for nonnormally distributed data. Linear regression statistical assumptions were adhered to including multicollinearity, singularity, outliers, normality, linearity and homoscedasticity. A two tailed p value of < 0.05 was considered statistically significant. Statistical analysis was performed using the SPSS statistics 25 package (SPSS Inc., Chicago, IL, USA).
Results
A total of 43 women were recruited and four were excluded as their sleep studies were not of good quality despite repeat testing, leaving 39 participants who were included in the analysis. In women with a BMI < 30 kg/m 2 (n = 14), three were found to have OSA (21.4%); their corresponding BMIs were 24.5, 28.0 and 29.2 kg/m 2 .
Baseline characteristics
Baseline characteristics for women with PCOS+OSA compared with those with PCOS only are summarized in Table 1 . Women with OSA and PCOS were more obese than women with PCOS only. Women with PCOS and OSA were also numerically older, more likely to be White, had higher systolic BP, more hirsutism and more features of metabolic syndrome. Interestingly, the ESS was not different between patients with and without OSA.
Metabolic and hormonal profile
Women with PCOS and OSA had a more adverse CVD risk profile compared with women with PCOS only. Women with PCOS and OSA had higher low-density lipoprotein (LDL), HbA1c, Cholesterol/HDL and C-reactive protein (CRP) and lower HDL levels compared with PCOS only ( Table 2 ). The OSA group also had higher haematocrit. The androgen profile was similar between groups but the free androgen index was numerically lower in the PCOS group. Only the difference in LDL remained significant after adjusting for age and BMI.
Psychological health and well-being
The PCOS+OSA group had worse scores on all the PCOSQ domains, but these differences were only statistically significant in the hirsutism domain. The PCOS+OSA group also had worse scores on the WHOQOL-BREF physical health and environment domains without reaching statistical significance. There were no differences between the two study groups in regard to the HADS (Table 3) .
Relationship between ODI, ESS and QoL and psychological measurements
Examining the total study cohort, regardless of their OSA status, showed that higher ODI was Table 4 . Replacing BMI with the metabolic syndrome status or waist circumference in the regression model did not significantly improve the model performance (R 2 ) (data not presented).
Discussion
This is the first study to examine the relationship between symptomatic OSA, psychological health and general wellbeing in women with PCOS. We here show that symptomatic OSA is very common in women with PCOS and that OSA in women with PCOS was associated with lower QoL, higher HbA1c and a worse CVD risk profile. In addition, higher ODI was associated with lower QoL, and higher ESS was also associated with lower QoL and mental health independent of the ODI.
The prevalence of OSA in our study is in agreement with the findings of a recent systematic review and meta-analysis, which suggested a prevalence of 35% for OSA in women with PCOS. 3 However, the majority of studies in this meta-analysis included women with obesity, and had a high proportion of African American and Hispanic populations. Our study population included a wide range of BMIs and 21.4% of the women with PCOS and BMI < 30 kg/m 2 in this study were found to have OSA. Women with PCOS might be at an increased risk of OSA through the association of PCOS with obesity, insulin resistance, hyperandrogenism, low progesterone levels, sympathetic overactivity, endothelial dysfunction and oxidative stress. 1 This high prevalence of OSA suggests that clinicians should have a high index of suspicion of OSA in women with PCOS even when the BMI is <30 kg/m 2 .
In this study there were fewer women prescribed the combined oral contraceptive pill (OCP) in the Normally distributed data were presented as mean ± standard deviation, while nonnormally distributed data were presented as median (interquartile range). Frequencies were presented as numbers (percentages). PCOS+OSA group versus the PCOS only group. One explanation for this is that women in the PCOS+OSA group were heavier and subsequently less likely to receive the OCP because of the potential risk of venous thromboembolism. 24 However, the OCP might have played a protective role against developing OSA in the PCOS only group as progesterone lowers upper airway resistance; 25 OSA has been associated with lower progesterone levels, 26 and progesterone replacement lowered the risk of OSA in postmenopausal women. 27 Evidence from systematic reviews and meta-analyses suggests that women with PCOS have worse mental health and impaired QoL compared with women without PCOS. 28 Our data suggests that there is an association between ODI and ESS and impaired QoL in women with PCOS, which was independent of weight and age. While an association between ODI and impaired QoL does not imply causality, this is an area of research that warrants further evaluation, particularly as OSA is a treatable condition.
OSA is associated with increased CVD 7 and while our study was not large enough to examine such a relationship, women with PCOS and OSA had higher cholesterol/HDL ratio, LDL and CRP levels compared with women with PCOS only. The difference in LDL levels between the two groups, in this study, remained significant after adjustment for BMI and age. In addition, women with PCOS and OSA had numerically, but not statistically, higher systolic blood pressure and more features of the metabolic syndrome compared with women with PCOS only. Hence, it is plausible that OSA might contribute to the increased CVD risk markers observed in women with PCOS.
Women with PCOS are approximately four times more likely to develop T2DM compared with weight-matched controls. 29 Women with PCOS and OSA in our study had higher HbA1c compared with women with PCOS only. OSA is associated with increased insulin resistance and glucose metabolism dysregulation. 7 In a small interventional study, 8 weeks of therapy with CPAP was associated with improvement in insulin sensitivity in women with PCOS and OSA. 30 Subsequently, OSA maybe a contributing factor to the increased risk of T2DM frequently observed in women with PCOS. Interventional studies are needed to examine the impact of OSA on T2DM risk in women with PCOS.
EDS, as measured by ESS in our study, was independently associated with impaired QoL, depression and anxiety. Studies suggest that obesity is a major risk factor for EDS, while weight loss is associated with its remission. 9, 31 However, ESS in our study was not significantly associated with weight, BMI or waist-to-hip ratio. This suggests that obesity is not a major contributor to EDS in women with PCOS and that EDS might be driven by other metabolic or psychological abnormalities that are commonly observed in women with PCOS such as insulin resistance, metabolic syndrome, anxiety and depression. In a populationbased longitudinal study of over 7000 women, insomnia, anxiety or depression and smoking were the most important factors for predicting incident EDS. 32 While depression and anxiety may cause EDS and impaired QoL, it is also possible that EDS may contribute to mental health problems and QoL. Further studies are needed to examine the relationship between EDS and mental health in women with PCOS.
OSA is a major risk factor for road traffic accidents that are caused by EDS and is amenable to treatment with CPAP. 33 Our study suggests that OSA is common in women with PCOS. Hence, clinicians should have a low threshold for investigating OSA in women with PCOS as they may benefit from CPAP treatment.
Recommendations for future research
This study highlights the need for (a) interventional studies examining the effect of CPAP on QoL and the risk of developing T2DM and CVD in women with PCOS and OSA; (b) large cohort studies examining the relationship between EDS and mental health in women with PCOS; and (c) interventional studies examining the impact of improving daytime sleepiness, for example through better night-time sleep hygiene or mindfulness, on anxiety and depression in women with PCOS.
Study limitations
The small sample size is a limitation of this study, but our findings will help inform the design of future larger multicentre studies. Another limitation was not performing sleep studies in all study participants. However, we have used validated questionnaires to assess the risk of OSA and only a small number of participants whose risk was low on both the Berlin and ESS questionnaires did not have a sleep study performed. Another limitation is that due to the cross-sectional study design, we cannot confirm causality or exclude other unmeasured confounders. The small sample size did not allow us to include too many variables in the regression model. Therefore, further cohort and interventional studies are needed to examine the impact of OSA on QoL in women with PCOS.
Study strengths
This is the first study to examine the relationship between OSA, QoL and psychological health in women with PCOS. Our cohort included women who were recruited from secondary care clinics and self-referred women from the community. It also included women with a wide range of BMI. Sleep studies were analysed by two experienced and independent operators who were blinded to participants other study data.
Conclusion
OSA is very common and is associated with impaired QoL and a worse metabolic profile in women with PCOS. Interventional studies examining the effects of CPAP on QoL, glucose metabolism and CVD risk in women with PCOS and OSA are needed.
Excessive daytime sleepiness, independent of OSA and obesity, is associated with worse QoL and mental health in women with PCOS. Further studies are needed to examine the relationship between EDS and mental health in women with PCOS.
